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The amount of absorbed solar radiation is an important factor in 
the energy balance of leaves and depends largely on their spec-
tral properties. In a Sourish Mixed Bushveld (Roodeplaat Dam 
Nature Reserve, Transvaal) measurements of the spectral proper-
ties of leaves of 26 trees and shrubs were made to determine 
whether or not the occurrence of a species under the different 
radiation regimes (inside a bush clump or in the open) is in-
fluenced by these spectral properties. 
The absorptance of the investigated leaves is uniform (58,7 ± 
2,3%) but, mainly for the infrared fraction of the solar radiation, is 
achieved in different ways; either by a high reflectivity and a low 
transmissivity or vice versa. Values for the reflectance, transmit-
tance and absorptance of the different species are given and 
variations are discussed. The small variation in the absorptance 
leads to the conclusion that other morphological (e.g. leaf orienta-
tion) or physiological (e.g. water availability) features must be 
more significant for the occurrence of a species in or outside a 
bush clump. 
S. Afr. J. Bot. 1984, 3: 43-49 
Die hoeveelheid geabsorbeerde sonstraling is 'n belangrike faktor 
in die energiebalans van blare en hang hoofsaaklik van die 
spektrale eienskappe van die blare af. In die Suuragtige 
Gemengde Bosveld van die Roodeplaatdam-natuurreservaat is die 
spektrale eienskappe van die blare van 26 bome en struike 
gemeet om vas te stel of die voorkoms van 'n spesie by ver-
skillende stralingsvlakke (binne 'n bosgroep of in die oopte) 
be"lnvloed word deur hierdie spektrale eienskappe. 
Die absorptansie van die ondersoekte blare is homogeen 
(58,7 ± 2,3%), maar word op verskillende wyses verkry deur 6f 'n 
hoe reflektiwiteit en lae transmissiwiteit 6f andersom, hoofsaaklik 
vir die infrarooi-gedeelte van die stralingspektrum. Waardes vir die 
reflektansie, transmittansie en absorptansie vir die verskillende 
spesies word verskaf en variasies word bespreek. Die klein 
variasie in die absorptansie lei tot die gevolgtrekking dat ander 
morfologiese (bv. blaarorientasie) of fisiologiese (bv. 
waterbeskikbaarheid) faktore belangriker is om die voorkoms van 
'n spesie binne of buite die bosgroepe te bepaal. 
S.-Afr. Tydskr. Plantk. 1984, 3: 43-49 
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Introduction 
This study was undertaken in the Roodeplaat Dam Nature 
Reserve which is situated in the central part of the Transvaal 
approximately 25 km northeast of Pretoria. The vegetation 
of the reserve forms part of the Sourish Mixed Bushveld 
(Acocks 1975). 
The region is characterized by a seasonal climate with warm 
humid summer months (especially from November to January) 
and dry cold winter months (especially from May to August) 
and with a mean annual rainfall and air temperature of 650,1 
mm and 18,2 oc respectively (van Rooyen 1983b). 
The aim of this study was to produce an inventory of the 
plant species, classify the plant communities and study the 
phenology and ecophysiology of the dominant woody species. 
A checklist containing 556 plant species, representing 322 
genera and 89 families has been compiled (van Rooyen 1983a). 
The vegetation was classified into six plant communities (van 
Rooyen 1983b) by means of the Braun-Blanquet method. 
One of the communities shows typical bush clumps and is 
divided into four variations according to differences in floristic 
composition. These differences can be ascribed to differences 
in bush clump size (area) and thus probably to sera! stage of 
the bush clump (van Rooyen 1983b ). Some species, therefore, 
grow mainly in bush clumps because the limiting amount of 
radiant energy favours them whereas others grow mainly in 
the open. 
Even though the trees and shrubs in the Sourish Mixed Bush-
veld grow under high irradiation, a variety of leaf shapes, sur-
face .structures, leaf sizes and colours are observed. 
There have been many investigations with a wide range of 
aims on the spectral properties of leaves, varying from fun-
damental investigations (Gates et at. 1965; Woolley 1971) on 
measurements of the influence of anatomical and physiological 
factors on the spectral properties (Gausman eta/. 1970; Carlson 
et at. 1971; Eller 1979) to theoretical approaches (Allen et a/. 
1969). More recently, efforts have been made to point out the 
relationships between spectral properties and ecophysiological 
and ecological factors (Ehleringer et a/. 1976; Schulze et at. 
1980; Eller & GrobBer'aar 1982) but few investigations have 
dealt with a large number of species in the same habitat (Ehler-
inger 1981; Eller et at. 1983). 
From literature (Gates 1980) and unpublished data by the 
senior author it is known that mesomorphic or slightly 
scleromorphic leaves have absorptances for global radiation 
varying from 0,4 to 0,65. To determine whether the absorp-
tivities of the species growing in the Roodeplaat Dam area 
could differentiate between the different life forms or be a fac-
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tor in the occurrence of a species in or outside bush clumps, 
a study of the spectral properties of some tree and shrub species 
was made. 
Material and Methods 
A list of the woody species examined, together with some life 
form characteristics, is presented in Table 1. Two large Aloe 
spp. and the parasite Tapinanthus natalitius subsp. zeyheri were 
also included in the investigation. The measuring equipment 
allowed the determination of the spectral properties of leaves 
with a minimum circular area of 9 mm2 only. This geometrical 
restriction unfortunately excluded the Acacia spp., which form 
an important part of the vegetation, from the investigation. 
Table 1 List of species (arranged alphabetically ac-
cording to families) Location: Sourish Mixed Bush-
veld, Roodeplaat Dam Nature Reserve (Transvaal, 
Republic of South Africa) 
Collector's 
Life form Families and species number• 
Anacardiaceae 
T d Ozoroa paniculosa (Sond.) R. & A. 
Fernandes 2167 
T e Rhus lancea L. f. 1950 
T e Rhus leptodictya Diels 3567 
Apocynaceae 
s e Carissa bispinosa (L.) Desf. ex 
Brenan var. bispinosa 1997 
Araliaceae 
T sd Cussonia paniculata Eckl. & Zeyh. 3524 
Boraginaceae 
s d Ehretia rigida (Thunb.) Druce 1948 
Celastraceae 
T e Cassine burkeana (Sond.) Kuntze 2228 
s d Maytenus heterophylla (Eckl. & 
Zeyh.) N.K.B. Robson 2109 
Rosaceae 
s eg Parinari capensis Harv. subsp. 
capensis 1937 
Ebenaceae 
s e Euclea crispa (Thunb.) Guerke var. 
crispa 2143 
s e Euclea undulata Thunb. var. myrtina 
(Burch.) Hiern 1949 
Flacourtiaceae 
T d Dovyalis zeyheri (Sond.) Warb. 2621 
Liliaceae 
s es A loe davyana Schon!. 3558 
T es Aloe marlothii Berger 3559 
Loganiaceae 
T e Strychnos pungens Soler. 2218 
Loranthaceae 
p d Tapinanthus natalitius (Meisn.) 
Danser subsp. zeyheri (Harv.) Wiens 1955 
Ochnaceae 
T d Ochna pulchra Hook. 1928 
Olacaceae 
s d Ximenia cajjra Sond. var. cajjra 2050 
Oleaceae 
T e Olea europaea L. subsp. ajricana 
(Mill.) P.S. Green 1912 
Proteaceae 
T e Protea caffra Meisn. 3560 
Rhamnaceae 
T d Ziziphus mucronata Willd. subsp. 
mucronata 2002 
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Table 1 (continued) 
s 
s 
s 
T 
s 
T 
s 
Rubiaceae 
d Vangueria infausta Burch. 
Rutaceae 
d Zanthoxylum capense (Thunb.) Harv. 
Santalaceae 
e Osyris lanceolata Hochst. & Steud. 
Sapindaceae 
sd Pappea capensis Eckl. & Seyh. 
Sapotaceae 
e Bequaertiodendron magalismontanum 
(Sond.) Heine & J.H. Hemsley 
Sterculiaceae 
d Dombeya rotundijolia (Hochst.) 
Planch. var. rotundifolia 
Tiliaceae 
d Grewia flava DC. 
Vitaceae 
C d Rhoicissus tridentata (L.f.) Wild & 
Drummond 
2121 
3564 
2161 
3568 
1962 
1913 
1987 
2522 
T = tree; S shrub; C = climber; P = parasite; e = evergreen; 
d = deciduous; sd = semi-deciduous; es = evergreen succulent; eg = 
evergreen geoxylic suffrutescent; • = N. van Rooyen collecting number. 
Specimens kept in the H.G.W.J. Schweickerdt Herbarium, University of 
Pretoria. 
Leaf samples were collected at the study site by cutting twigs 
and transporting them with their stems immersed in water to 
the laboratory at the Department of Botany of the University 
of Pretoria, where the determination of the spectral proper-
ties was made. A mature leaf of each species was used for the 
determination of the spectral properties. Measurements made 
with a set of leaves of the same species showed that the varia-
tion between the values of similar leaves of one species was 
not greater than errors arising from the measuring equipment. 
Values given must be considered to be accurate to within 3%. 
Spectral properties were determined using an integrating 
sphere and an ISCO SR spectroradiometer, as described by 
Eller (1972). Measurements were taken over the wavelength 
range from 400 to 1 350 run for the reflectivity (r) 
( = reflected/incident radiation) and the transmissivity (t) 
( = transmitted/incident radiation). The absorptivity (a) was 
calculated by the expression a = 1 - (r + t). For the 
ultraviolet radiation below 400 run and the infrared radiation 
in the wave band 1 350 to 3 000 nm approximations of the 
spectral properties were made by the method of Eller (1979) 
taking the value of 400 nm for the ultraviolet region and a 
value of absorptivity of 0,96 and a reflectivity of 0,04 for 
wavelengths greater than 2 300 run. Between the values at 1 350 
and 2 300 run, a linear approximation of the trend in the spec-
tral properties was chosen, giving an error considerably lower 
than if the global energy in this wave band was omitted (Eller 
1979). To obtain the true spectral coefficients for solar radia-
tion (reflectance, transmittance and absorptance) the weighted 
mean spectral properties (.x*) for the different wave ranges were 
calculated using the spectral energy distribution for a clear day 
measured near Pretoria by Eller & Grobbelaar (1982) on 
1979-08-12 around noon. For wavelengths from A1 to A2, 
.x* = J~~ x (A) . E(A) dA I J~: E(A) dA 
where x(A) is the spectral property (reflectivity, transmissivity 
or absorptivity) at wavelength A and E(A) is the spectral irra-
diance of global radiation. 
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Results 
Computer printouts depicting reflectivities and transmissivities 
of the 26 tree and shrub species are shown (Figures I & 2 
respectively and Table 2). The Aloe spp. and Tapinanthus 
natalitius subsp. zeyheri are not included in these figures. In 
the visible wavelength range (400 to 750 nm), the reflectivities 
of nearly all species are very similar. Exceptions are the xero-
morphic greyish leaf of Pro tea cajjra (Figure I, symbol4) and 
the adult leaf of Bequaertiodendron maga/ismontanum which 
is also xeromorphic but has a dark green colour (Figure I, sym-
bol 8). In the near infrared (750 to I 350 nm), however, the 
differences are much larger: about 0,25 instead of only 0,05 
to 0,1 for the majority of species in the visible range. This 
Table 2 Spectral properties of the leaves of 29 plant species. Habitat: 
Roodeplaat Dam Nature Reserve (Transvaal, Republic of South Africa). 
Weighted mean spectral properties calculated for a global radiation of 996 W 
m- 2 (clear sky) with a spectral irradiance according to Eller & Grobbelaar 
(1982). r* = reflectance; t* = transmittance; a* = absorptance; S = iden-
tification symbol used in Figures 1 & 2; R = remarks; - = mostly not grow-
ing in bush clumps; b = mainly growing in bush clumps. Mean values include 
standard deviation 
s 
2 
3 
4 
5 
6 
7 
8 
9 
0 
A 
B 
c 
D 
E 
G 
H 
K 
M 
N 
p 
R 
s 
u 
v 
w 
R Species 
Trees evergeen 
b Olea europaea subsp. ajricana 
- Strychnos pungens 
b Cassine burkeana 
- Prorea cajjra 
Rhus leptodictya 
Rhus lancea 
Pappea capensis 
Mean values 
Shrubs evergreen 
- Bequaertiodendron magalismontanum 
Euclea undulara 
b Carissa bispinosa 
b Osyris lanceolara 
- Parinari capensis 
Euclea crispa 
Mean values 
Mean values all evergreens 
Trees deciduous 
b Dovya/is zeyheri 
Cussonia paniculara 
- Ozoroa paniculosa 
Vangueria injausra 
Dombeya rolundifolia 
Ziziphus mucronara 
- Ochna pulchra 
Mean values 
Shrubs deciduous 
Ximenia caffra 
Maytenus heterophylla 
Ehretia rigida 
b Zanthoxylum capense 
- Grewia flava 
Rhoicissus tridentata 
Mean values 
Mean values all deciduous 
Mean values all trees 
Mean values all shrubs 
Mean values all species 
Difference lowest to highest value 
Ecological grouping (mean values) 
- 8 species growing outside bush clumps only 
b 6 species growing in bush clumps only 
12 species growing inside and outside bush 
clumps 
18 species growing in bush clumps 
Succulents 
Aloe marlothii 
Aloe davyana 
Parasite 
Tapinanthus nata/itius subsp. zeyheri 
r* (OJo) 
25,2 
23,2 
23,8 
28,4 
21 ,4 
26,9 
25,2 
24,9 ± 2,2 
22,4 
24,0 
29,7 
22,2 
25,6 
28 ,3 
25,4 ± 2,8 
25 , 1 ± 2,5 
r* (%) 
II ,5 
16,8 
17,2 
14,4 
22,5 
17,1 
19,7 
17,0 ± 3,3 
15,3 
16,2 
11,2 
19,3 
16,6 
13 ,9 
15,4 ± 2,5 
16,3 ± 3,0 
19,7 18,4 
23 ,9 16,6 
22,3 19,1 
25,7 15,9 
23,1 19,0 
20,2 22,6 
18,6 26,0 
21,9 ± 2,3 19 ,7 ± 3,3 
21,3 
23,3 
21,6 
22,7 
27,5 
22,4 
23,1 ± 2,1 
22,5 ± 2,3 
23,4 ± 2,7 
24,3 ± 2,7 
23,8 ± 2,7 
11,1 
24,2 ± 3,0 
23,4 ± 3,2 
23,7 ± 2,3 
23,6 ± 2,6 
17,0 
17,4 
30,5 
15,7 
17,2 
20,3 
19,2 
16,5 
18,9 
18,0 ± 1,6 
18 ,9 ± 2,8 
18,3 ± 3,5 
16,7 ± 2,5 
17,6 ± 3,2 
14,8 
17,6 ± 3,4 
17,4 ± 2,8 
17,7 ± 3,2 
17,6 ± 3,1 
0,2 
1,7 
15,3 
a*(%) 
63,8 
60,0 
59,0 
57,2 
56, I 
56,0 
55, I 
58,2 ± 2,8 
63,3 
59,8 
59, 1 
58,5 
57,8 
57,8 
59,4 ± 1,9 
58,7 ± 2,5 
61,9 
59,5 
58,6 
58 ,4 
57,9 
57,2 
55,4 
58,4 ± 1,9 
63,0 
59,5 
58,1 
58,1 
56,0 
58,7 
58,9 ± 2,1 
58,6 ± 2,0 
58,3 ± 2,4 
59,1 ± 2,0 
58,7 ± 2,3 
8,7 
58,3 ± 2,3 
59,2 ± 1,2 
59,7 ± 2,6 
58,8 ± 2,2 
82,8 
80,9 
54,2 
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Figure 1 Reflectivities of the adaxial surface on 26 tree and shrub species from Roodeplaat Dam Nature Reserve near Pretoria. List of species and 
symbols are shown in Table 2. 
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Figure 2 Transmissivities of the adaxial surface of 26 tree and shrub species from Roodeplaat Dam Nature Reserve near Pretoria. List of species and 
symbols are shown in Table 2. 
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greater variation corresponds to the range in which the dif-
ferent leaves vary in sclerophylly, water content and leaf 
thickness. Ochna pu/chra has the lowest reflectivity in the 
infrared range (Figure 1, symbol N), whereas Carissa bispinosa 
(Figure 1, symbol 0) shows significantly higher values than the 
majority of the other species. To assess the possible eco-
physiological significance of these variations in reflectivity, the 
values of transmissivity and absorptivity must also be 
considered. 
The transmissivities (Figure 2) in the visible wave range are 
low for all species and vary in a narrow range. The highest 
values are those of very thin leaves, such as for Ochna pu/chra 
(Figure 2, symbol N) and Rhus /eptodictya (Figure 2, symbol 
5). The variation (about 0,25) of the values for infrared radia-
tion is much larger. Comparison of Figure 1 with Figure 2 in-
dicates that in both figures the same species, Carissa bispinosa 
(symbol 0) and Ochna pulchra (symbol N) represent the 
boundary of variation in the infrared wave range. Carissa 
bispinosa has the highest reflectivity, and as a consequence of 
its relatively thick leaves, the lowest transmissivity, whereas 
the thin Ochna pulchra leaf shows a low reflectivity and the 
highest transmissivity. A study of these spectral properties for 
the other species reveals a tendency for low transmissivity in 
the infrared to be linked to high reflectivity and vice versa. 
Consequently the resulting absorptivities are found to be more 
uniform than the values for reflection and transmission in the 
infrared wave range. 
The weighted mean spectral properties for global radiation 
(visible and infrared) of the investigated species are given in 
Table 2, with grouping according to growth form (tree or 
47 
shrub) and leaf fall cycle (evergreen or deciduous). Most strik-
ing is the small variation in the absorptance values of the 26 
tree and shrub species (mean value 58,7 ± 2,30Jo). Similar small 
variations are also present in the groups according to growth 
forms and leaf fall cycle. Grouping the species according to 
their occurrence inside or outside the bush clumps confirms 
the low variation amongst the absorptance values of the 26 
species. Only the succulents and the parasite Tapinanthus 
natalitius subsp. zeyheri have spectral properties that are 
significantly higher or lower than those of the other species. 
As a consequence of their thick succulent leaves the Aloe spp. 
have very high absorptances. The leaf structure and particularly 
leaf water content of parasites tends to be influenced by their 
host species (Grobbelaar eta/. 1981). Thus the values of T. 
natalitius subsp. zeyheri presented in Table 2 are an estimate 
of the spectral properties this parasite has when growing on 
Acacia cajjra (Thunb.) Willd. 
Using the values of all 26 species to compute mean spectral 
properties results in a mean absorptivity curve that shows very 
small standard deviation values between 400 and 1 350 nm 
wavelength (Figure 3). Similar results were obtained for the 
different groupings. The mean values of the groups do not 
differ significantly. 
Maytenus heterophyl/a has spectral properties very similar 
to the mean value of the 26 species, with a reflectance of 23,30Jo 
(mean of 26 species = 23,80Jo), a transmittance of 17,20Jo 
(mean = 17 ,60Jo) and an absorptance of 59,50Jo (mean = 
58,70Jo). The spectral properties of this species are shown in 
Figure 4. 
The measured values are those for global radiation incident 
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Figure 3 Mean absorptivity of the leaves of 26 tree and shrub species from Roodeplaat Dam Nature Reserve near Pretoria (A) with standard deviation 
(<A>). 
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Figure 4 Spectral properties of Maytenus heterophy /la. 
on the adaxial (upper) leaf surfaces. Two species, Parinari 
capensis and Bequaertiodendron magalismontanum have leaves 
with an abaxial (lower) surface colouring caused by the 
presence of hairs in the case of B. magalismontanum. The 
adaxial surface of juvenile leaves of B. magalismontanum has 
a dense cover of brownish hairs . Additional measurements were 
made to determine the extent to which the absorptivities of 
adaxial and abaxial surfaces differ and to determine the degree 
to which the pubescence of juvenile leaves can affect spectral 
properties. 
Table 3 Mean spectral properties of species with 
trichomes or different colouring on the adaxial and 
abaxial leaf surface. Habitat: Roodeplaat Dam 
Nature Reserve (Transvaal, Republic of South Africa) 
r* = reflectance, t* = transmittance, a* = absorp-
tance. Weighted mean spectral properties 
calculated for a global radiation of 996 W m- 2 
(clear sky) with a spectral irradiance according to 
Eller & Grobbelaar (1982) 
The results of this investigation are presented in Table 3. 
The abaxial surface of the P. capensis leaves have an absorp-
tance which is about 17f!Jo lower than that for the upper sur-
face. Such a reduction could play an important role in keep-
ing the energy input from absorbed solar radiation at a lower 
level if the radiation is incident on the abaxial surface instead 
of the adaxial surface. In fact, the leaves of P. capensis very 
often have a more or less upright position showing their white 
abaxial leaf surface to incident radiation. For B . magalis-
montanum the reduction of the absorptance of the adaxial sur-
face of the juvenile leaves {Table 3) must yield the same ad-
vantage since the reduction is about 13f!Jo compared with the 
adaxial surface of an adult leaf. It is worthwhile noting that 
much of the reduction in absorption is due to increased reflec-
tance as a result of the presence of leaf hairs. 
Discussion and Conclusions 
The results of the spectral properties of 26 species lead to the 
conclusion that despite the possibility of a wide range of varia-
tion in the absorptive power of leaves in respect to global radia-
tion being present, this is not the case. The uniformity in the 
absorptivities, however, does not imply that, at least for in-
Species r* (OJo) t* (OJo) a* (OJo) 
Parinari capensis 
adaxial surface 25,6 16,6 57,8 
abaxial surface 35,6 16,4 48,0 
Bequaertiodendron maga/ismontanum 
adult leaf 
adaxial surface 22,4 15,3 63 ,3 
abaxial surface 32,5 15,3 52,2 
juvenile leaf 
with hairs on the 
adaxial surface 29,1 15 ,7 55,2 
adaxial surface hairs removed 25 ,0 17,8 57,2 
abaxial surface 30,3 17 ,3 52,4 
frared solar radiation, the reflectivities or transmissivities may 
not vary to a greater extent. 
Natural selection seems to be for uniformity in absorption 
but this can be attained in different ways, either by high reflec-
tivity combined with a low transmissivity or vice versa. 
It would be overestimating the ecological significance of the 
spectral properties of leaves to suggest that similar growth 
S. Afr. J. Bot., 1984, 3(1) 
forms occurring in the same habitat should have similar leaf 
absorptivities. Leaf orientation and degree of exposure are 
more important than leaf spectral properties in determining 
the amount of radiant energy absorbed. Physiological features 
such as cooling by transpiration or convection also play an 
important role in the energy budget which determines leaf 
temperature with its implications for leaf and eventually whole 
plant viability (Smith 1978; Eller & Grobbelaar 1982). To get 
a better understanding of the extent to which more or less equal 
absorptances of such a large number of trees and shrubs from 
different plant families is an adaptation to the microclimatic 
features of their habitat, further investigations in the field, in-
cluding all morphological and physiological aspects as well as 
energy balance considerations, are necessary. The absence of 
any significant difference in leaf spectral properties of the 
species occurring in bush clumps and in the open, show that 
these characteristics are not important in determining the 
distribution of plant species. 
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